ABSTRACT: This paper presents an application of the analytical hierarchy process and fuzzy analytical hierarchy process methods for selecting the best wastewater treatment process. The analytical hierarchy process is one of the best ways for deciding among the complex criteria structure in different levels, and the fuzzy analytical hierarchy process is a synthetic extension of the classical method when the fuzziness of the decision makers are considered. After reviewing aerobic treatment processes operated in Iran's industrial estates and determining the main criteria used for treatment process evaluation, they are arranged in a hierarchy structure. Selection of the best wastewater treatment process is a multi-criteria decision making problem. Conventional methods are inadequate for dealing with the imprecise or vague nature of linguistic assessment. To overcome this difficulty, the fuzzy analytical hierarchy process is proposed for dealing with the vagueness of decision makers' judgments. The alternatives consist of extended aeration, absorption bio-oxidation, integrated fixed-film activated sludge, sequencing batch reactor, aerated lagoon. Based on the general condition of industrial estate's wastewater treatment plants, technical/administrative, economic and environmental criteria and their sub-criteria are weighted and then criteria evaluated and priorities of alternatives have been done by analytical hierarchy process and fuzzy analytical hierarchy process methods by the use of triangular fuzzy numbers. Finally, selection of the best process and ranking of these five processes are carried out by these foregoing methods, and some sensitivity analyses are conducted to show the results' sensitiveness to the changes of the weights of the evaluation criteria.
INTRODUCTION
Selection of an appropriate treatment process is an important issue before designing and implementing any wastewater treatment plant (WWTP). The multicriteria decision making (MCDM) techniques are generally enabled to structure the problem clearly and systematically. With this characteristic, the decision makers have the possibility to easily examine and scale the problem in accordance with their requirements (Isiklar and Buyukozkan, 2006) . Integrating methods are very useful in MCDM problem solution (Tuzkaya and Gülsün, 2008) . The analytical hierarchy process (AHP) is useful for handling multiple criteria and objectives in the decision making process. Particularly, the application of AHP enables the consideration of socio-cultural and environmental objectives that are recognized to be of the same importance as the economic objective in selecting the optimal wastewater treatment alternative (Ellis and Tang, 1991 and 1994) . The AHP approach is a systematic analysis technique for MCDM and it facilitates a rigorous definition of priorities and preferences of the decision makers. It is used to determine the weights of different factors (Saaty, 1977 (Saaty, , 1988 Cheng and Wang, 2004; Bandyopadhyay and Chattopadhyay, 2007) . The conventional methods for process selection are inadequate for dealing with the imprecise or vague nature of linguistic assessment. To overcome this difficulty, fuzzy multi-criteria decision-making (MCDM) methods are proposed. By using the fuzzy AHP, uncertainty and vagueness from subjective perception and the experiences of the decision-maker can be effectively represented and Selection of wastewater treatment process based on the analytical hierarchy process and fuzzy analytical hierarchy process methods reached to a more effective decision (Chien and Shih, 2007; Nouri et al., 2008; Hadji Hosseinlou and Sohrabi, 2009) .
In a real-world situation, the evaluation data of the treatment process suitability for various subjective criteria and the weights of the criteria are usually expressed in linguistic terms. Thus, in order to resolve the ambiguity frequently arising in available information and to perform more justice to the essential fuzziness in human judgment and preference, the fuzzy set theory has been used to establish MCDM problems (Liang, 1999) .
There are many studies in the literature that used the AHP and fuzzy AHP methods for different MCDM problems. The AHP method, which was first introduced by Saaty (1988) , is an effective method for solving MCDM problems. It has been widely used for MCDM and applied to many practical problems successfully. The AHP approach is a systematic analysis technique for MCDM and it facilitates a rigorous definition of priorities and preferences of the decision makers (Saaty, 1977 (Saaty, , 1990 Guangming, 2007) . The AHP is also a powerful and flexible MCDM tool for dealing with complex problems where both qualitative and quantitative aspects need to be considered. The AHP helps the analysts to organize the critical aspects of a problem into a hierarchy rather like a family tree. This is a method for ranking decision alternatives and selecting the best one when the decision maker (DM) has multiple criteria (Taylor, 2009). The traditional AHP requires exact or crisp judgments. However, due to the complexity and uncertainty involved in real-world decision problems, the DM may be more reluctant to pr ovide cr isp judgments than fuzzy ones. Furthermore, even when they use the same words, individual judgments of events are invariably subjective and the interpretations attached to the same words may differ (Soner Kara and Onut, 2010; Zhao et al., 2011) . This is why fuzzy numbers and fuzzy sets have been introduced to characterize linguistic variables used to represent the imprecise nature of human cognition when trying to translate people's opinions into spatial data. The preferences in AHP are essentially human judgments based on human perceptions, so fuzzy approaches allow for a more accurate description of the decision-making process (Chen et al., 2008) . AHP can be applied for en vironmental / social objectives which are recognized to be as the same important as the economic objective in selecting the best wastewater treatment alternative (Guangming et al., 2007; Dikinya and Areola, 2010; Khezri et al., 2010) . In a study, Dabaghian et al. (2008) use AHP approach which uses exper t's knowledge for selection of the best wastewater treatment alternative for electroplating workshops. There is an extensive literature that addresses the situation where the comparison ratios are imprecise judgments (Leung and Chao, 2000) . In most of the real-world problems, some of the decision data can be precisely assessed while others cannot. Humans are unsuccessful in making quantitative predictions, whereas they are comparatively efficient in qualitative forecasting (Kulak and Kahraman, 2005) .
Essentially, the uncertainty in the preference judgments rises to uncertainty in the ranking of alternatives as well as difficulty in determining consistency of preferences (Leung and Chao, 2000) . These applications are performed with many different perspectives and proposed methods for the fuzzy AHP.
The AHP is one of the best ways for deciding among the complex criteria structure in different levels. The fuzzy AHP is a synthetic extension of the classical AHP method when the fuzziness of the decision makers is considered. The fuzzy AHP technique can be viewed as an advanced analytical method developed from the traditional AHP. Despite the convenience of AHP in handling both quantitative and qualitative criteria of MCDM problems based on DM judgments, fuzziness and vagueness existing in many decision-making problems may contribute to the imprecise judgments of the DM in conventional AHP approaches (Bouyssou et al., 2000) . A number of methods have been developed to handle the fuzzy AHP. The first study of this method was proposed by Van Laarhoven and Pedrycz (1983) who compared fuzzy ratios described by triangular fuzzy numbers. In other work a hybrid fuzzy-analytic network process and fuzzy-preference ranking organization method is utilized for the evaluation of environmental performances of suppliers (Tuzkaya et al., 2009) . Anagnostopoulos et al. (2007) performed the fuzzy extension of AHP in order to evaluate the alternative wastewater treatment process with the use of economic, environmental and social criteria. The research works explained in this paper has been performed in Tehran in 2009. The study is organized as follows: Firstly, the alternatives and the criteria, which affect the treatment process selection, have been determined. Secondly, an overview of the
